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I.  INTRODUCTION 


The  high  speed  of  modem  flight  vehicles  requires  careful  design 
of  the  flight  vehicle  structure.  A  flight  vehicle  analysis  for  ground  opera¬ 
tions  requires  knowledge  of  the  frequency  phasing  and  amplitude  of  the  loads. 
Accurate  predictions  of  the  loads  imposed  during  ground  operation  have  not 
been  possible  because  of  the  limited  knowledge  of  the  characteristics  of  the 
surfaces  used  by  a  flight  vehicle  during  its  operational  life.  The  power 
spectral  density  calculated  from  these  surfaces  indicates  how  the  average 
power  or  amplitude  in  distributed  with  reduced  frequency.  When  adequate  de¬ 
scription  of  the  surfaces  have  been  obtained,  methods  may  be  dcvelppcd  to  . 
predict  loads  during  ground  operation  of  flight  vehicles. 

II .  EQUIPMENT  AND  PROCEDURE 

Adequate  description  of  the  many  different  .pavement,,  types  and  suit  . 
face  condition  requires  a  vast  amount  of  profile  information •  In  the. course  ' 
of  this  project,  nearly  2  million  profile  height'. readings  .'were  recorded  from 
187  miles  of  runways  and  toxiways.  Special  automatic. 'equipment  was'  used'  to- 
efficiently  measure  and  record  the  profile- data  in  'a  ' form, compatible  with  ', 
high  speed  digital  computers.  ’ 

The  runway  profile  instrumentation  system  used  in. this  project  is 
composed  of  a  collimator  and  a  profile  recorder  (see  Figure!).  The  colli¬ 
mator  is  used  to  project  a  well-defined  beam  of  light  down  the  runway  to 
establish  a  horizontal  reference  line.  The  profile  recorder  is  towed  down 
the  surface  to  be  measured,  recording  the  profile  elevations . 

Before  initiating  the  survey  of  the  bases,  a  special  analog  profile 
recording  unit  was  added  to  the  runway  instrumentation  system  (see  Figure  2). 

A  standard  strip  chart  was  used  to  plot  the  vertical  profile  indicated  by  a 
potentiometer  mounted  on  the  sensing  head.  The  chart  is  advanced  every  6 
inches  of  travel  on  the  runway  by  a  stepping  motor.  The  drive  between  the 
motor  and  the  recorder  is  designed  to  produce  a  horizontal  scale  of  1  inch 
=  100  feet  of  runway.  The  vertical  scale  is  1  inch  =  1  foot  change  in  ele¬ 
vation  .  The  analog  plot  proved  to  be  extremely  useful  to  the  survey  crew  in 
monitoring  the  operation  of  the  entire  unit. 

A  surveying  procedure  was  developed  to  obtain  as  much  information  as 
possible  from  a  limited  number  of  survey  runs .  Cross-runs,  or  lines  of  survey 
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perpendicular  to  the  center  line  of  the  runway  or  taxi way,  were  nude  at  both 
ends  and  adjacent  to  the  1,000- ft.  runway  markers.  There  profiler  show 
the  drainage  slope,  'ftie  final  step  consisted  of  three  runs;  center  line, 
right  hand  ride,  and  left  hand  side  the  length  of  the  surface.  The  distance 
from  the  scan  at  the  threshold  to  the  starting  point  of  each  longitudinal 
run  was  recorded  to  penn.lt  repeating  the  survey  at  a  later  date.  The  dis¬ 
tances  from  the  start  of  each  longitudinal  run  to  the  intersection  with  the 
cross  runs  were  also  recorded.  These  distances  were  treasured  by  a  switch  on 
the  profile  follower  wheel  advancing  a  counter  as  an  odometer  at  6-in.  inter 
vals  to  aid  in  measuring  the  survey  distances.  The  odometer  count  locating 
the  center  line  of  the  surface  on  cross  runs,  as  well  as  well  as  the  inter¬ 
section  points  and  total  length  of  each  run,  is  listed  in  Appendix  IV.  This 
cross  reference  between  the  three  longitudinal  surveys  and  the  cross  runs 
can  be  used  to  reconstruct  the  surface  profile  in  three-dimensional  form  as 
shown  schematically  in  Figure  3. 

The  runway  roughness  instrumentation  is  similar  to  conventional 
equipment  ir.  that  the  accuracy  of  the  survey  depends  on  the  accuracy  in 
establishing  the  horizontal  reference.  A  standard  surveying  equipment 
spirit  level  with  an  accuracy  to  within  20  sec.  of  arc  is  used  to  indicate 
the  horizontal.  Before  initiating  the  survey  of  each  base,  an  identical 
portion  of  a  runway  was  surveyed  ir.  both  directions.  A  comparison  of  the 
profile  plots  from  the  profile  chart  recorder  indicated  the  repeatability 
of  the  entire  system  disclosed  infrequent  or  random  malfunctions  which 
would  not  be  encountered  in  routine  check-out  operation,  and  permitted  a 
fairly  accurate  estimate  of  tire  slope  error.  Examination  of  the  profile 
charts  obtained  from  a  number  of  these  test  runs  disclosed  a  small  error 
in  the  initial  mounting  of  the  level  vial.  The  recorded  slope  'was  found 
to  have  an  error-  of  2-3  in/l,000  ft.  No  attempt  was  made  to  improve  this 
calibration  under  field  conditions.  A  deviation  in  over-all  slope  would 
not  change  the  power  spectrum  calculations.  However,  if  an  accurate  verti¬ 
cal  relationship  between  the  survey  paths  is  required,  it  can  be  obtained 
with  the  relationship  established  by  the  cross  run. 


III.  DISCUSSION  OF  RESULTS 


A  general  study  of  ground  loading  effects  must  be  based  on  surface 
information.  The  17  bases  surveyed  were  chosen  from  all  parts  of  the  conti¬ 
nental  United  States  to  provide  a  sampling  of  surface  conditions.  The  raw 
profile  data  obtained  have  been  processed  by  the  computer  facility  at  the 
Aeronautical  Systems  Division. 

The  power  spectral  density  curves  in  Appendix  I  represent  the  rough 
ness  properties  of  the  runways  from  a  statistical  standpoint.  It  has  been 
noted  that  the  power  spectral  density  plots  of  some  concrete  surfaces  show  a 
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peak  or  unusually  high  reading  at  a  wavelength  corresponding  to  the  length 
of  the  slabs  In  the  pavement.  The  tar  strip  at  the  Joints  appears  as  a  high 
point  on  the  profile  which  reoccurs  at  regular  intervals.  Power  spectral 
density  analysis  of  the  profile  data  mint  interpret  this  occurrence  as  a  sur¬ 
face  undulation  and  shows  it  an  such  on  the  plot  and  often  the  second  and 
third  harmonics  of  the  slab  length  disturbance  can  be  seen  on  the  plot. 

Another  series  of  peaks,  resulting  from  an  occasional  overshoot  of  the  photo¬ 
electric  sensor  In  maintaining  its  position  at  the  center  of  the  light  beam, 
car.  be  noted  at  extremely  short  wavelengths.  Apparent  profile  undulation  with 
a  wavelength  of  f  to  :>  feet  is  produced  from  servo  system  characteristics 
c  up  led  with  a  constant  surveying  speed . 
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Appendix  II,  scale  plots  of  the  profiles  measured,  shows  the  length 
,r.ge  in.  eievati  maximum  (grade  and  length  of  the  profile.  These 
profiles  show  the  linear  trend,  profile  end-point  to  end-point  grade 
t  of  which  was  removed  from  the  power  spectral  density.  Further  the 
th.c  large  amplitude  low-frequency  content  of  the  profile,  which 
e  power  spectral  density  value  corresponding  to  the  lowest  plotted 
requency,  can  be  qualitatively  evaluated.  The  cross  run  profiles 
crown  of  the  surface.  The  profiles  of  two  1,000-ft.  surveys  of  park- 
from  each  base  are  also  included. 


Further  detailed  information  of  the  location  and  length  of  each  sur¬ 
vey  is  given  in  tabular  form  in  Appendix  IV.  The  information  given  for  each 
longitudinal  survey  includes  the  designation  of  the  surface,  the  location  with 
respect  to  center  line,  th.c  distance  from  the  threshold  joint  to  the  starting 
point,  and  the  odometer  count  at  the  intersection  point  of  each  cross  run. 

Th.c  odometer  count  represents  u-in.  intervals,  divided  by  two  to  obtain  feet. 
The  last  figure  given  is  the  total  odometer  count  of  the  run  or  twice  the 
length  of  the  run  in  feet.  Cross  run  information  includes  the  location  with 
respect  to  the  end  of  the  surface,  the  odometer  count  at  the  intersection  of 
the  cross  run  and  the  longitudinal  center  line  of  the  surface  and  the  final 
count  or  total  length.. 
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APPENDIX  I 

POWER  SPECTRAL  DENSITY  PLOTS 
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Figure  5  -  Power  Spectral  Density,  Taxiway  5,  Altuu  Air  Force 


Reduced  Frequency-^- 
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Figure  7  -  Power  Spectral  Density,  Runway  13,  Bakalar  Air 
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Figure  8  -  Pover  Spectral  Density,  Runway  18,  Bakalar  Air  Force 
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Pover  Spectral  Density,  Taxi way  3,  Bakalar  Air  Force 
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Figure  11  -  Power  Spectral  Density,  Taxiway  27,  RaVnlnr-  Air  Force 
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Reduced  Frequency— 

Figure  12  -  Power  Speciral  Density 
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Figure  14  -  Power  Spectral  Density,  Runway  17,  Carswell  Air 
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Power  Spectral  Density,  Runway  30,  Castle  Air  Force  Sase 
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Figure  22  -  Power  Spectral  Density,  Dobbins  Air  Force  Base 
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Figure  23  -  Power  Spectral  Density,  Runway  4,  Edwards  Air  Force 


Flgxire  24  -  Power  Spectral  Density,  West  Taxi  way,  Edwards  Air  Force 
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Reduced  Frequency 
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Figure  1-G  -  I’ouer 
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Figure  36  -  Power  Spectral  Density,  Runvay  35,  Langley  Air  Force 
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Figure  38  -  Power  Spectral  Density,  Runway  32,  Larson  Air  Force 
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Reduced  Frequency-“^ 

Figure  41  -  Power  Jpect.ral  Density,  Lar 
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Figure  48  -  Power  Spectral  Density,  Mather  Air  Force 
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Figure  51  -  Power  Spectral  Density,  Taxi-way  5,  McGuire  Air  Force  Base 
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Spectral  Density,  Runvay  7,  PalnriaTe  Air  Force  Float  !{R4£ 
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Figure  63  -  Power  Spectral  Density,  Runway  Shaw  Air  Force 
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Reduced  Frequency- 

Figure  65  -  Power  Spcciral  DenoJ 
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APPENDIX  II 

PROFILE  PLOTS 
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Figure  68  -  Profiles,  Runvay  35,  Altus  Air  Force 
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Figure  69  -  Cross  Run  Profiles,  Runway  35,  Alt us  Air  Force 
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Figure  70  -  Profiles,  Taxlvay  5,  Altus  Air  Force 
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Figure  71  -  Cross  Run  Profiles,  Taxivay  5,  Altus  Air  Force  3q.sc 
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Profiles,  Rumey  22,  f^ntlsr  Air  Force 
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Figure  79  -  Cross  Run  Profiles,  Rur.vs.y  22,  Bakalar  Air  Force 


Figure  80  -  Profiles,  Runvray  13,  BaX*LLar  AJLr  Force 
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Figure  81  -  Cross  Run  Profiles,  Runvay  13 
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Figure  03  -  Cross  Run  Profiles,  Runvay  17,  Carerwcll  Air  Force 
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Figure  86  -  Cross  Run  Profiles,  Runvay  30,  Castle  Air  Force 
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Figure  88  -  Cross  Run  Profiles,  Taxi way  9,  Castle  Air  Force 
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Figure  90  -  Cross  Run  Profiles,  Runway  10,  Dobbins  Air  Force  Base 
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Figure  95  -  ProflleB,  West  Taxi way,  Edvardo  Air  Force 
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Figure  98  -  Cross  Run  Profiles,  Runway  30,  Ellsworth  Air  Force  Base 
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Cross  Run  Profiles,  Runvay  16,  George  Air  Force  Base 
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Figure  101  -  Profiles,  Taxi  way  5,  George  Air  Force 
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Figure  105  -  Profiles,  Runway  10,  Glasgow  Air  Force  Base 
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Figure  108  -  Cross  Hun  Profiles,  Taxi way  10,  Glasgow  Air  Force  Base 
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Figure  111  -  Profiles,  Runway  35,  Langley  Air  Force 
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Figure  116  -  Cross  Run  Profiles,  Taxivay  3,  Larson  Air  Force 
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Figure  119  -  Profiles,  Runvay  22L,  Mather  Air  Force 
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120  -  Cross  Run  Profiles,  Runvay  22L,  Mather  Air  Force 
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Pro file 5 ,  Taxi way  22,  Mather  Air  Force  Bane 
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Figure  123  -  Profiles,  Runway  12,  McGuire  Air  Force 
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Figure  126  -  Profiles,  Tajdvay,  McGuire  Air  Force 
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Figure  127  -  Cross  Run  Profiles,  Taxi way,  McGuire  Air  Force  Base 
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129  -  Cross  Run  Profiles,  Runway  7,  Ps.lnda.le  Air  Force  Plant  RRi2 
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Flgvire  137  -  Cross  Run  Profiles,  Runvay  18,  Sevurt  Air  Force  Ba.sc 
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139  -  CroB8  Run  Profiles,  Rummy  14,  Sevart.  Air  Force 
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Figure  142  -  Profiles,  Runvay  4,  Shaw  Air  Force  Base 
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Figure  143  -  Cross  Run  Profiles,  Runvay  4,  S'nav  Air  Force 
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Figure  146  -  Profiles,  Runvay  21R,  Travis  Air  Force  Base 
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Figure  149  -  Ranip  Run  Profiles 
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APPENDIX  III 

BASE  MAPS 
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Figure  158  -  Location  of  Lines  of  Survey,  Edvards  Air  Force 
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159  -  location  of  Lines  of  Survey,  Ellsworth  Air  Force 


Figure  164  -  Location  of  Lines  of  Survey,  Mather  Air  Force 
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Figure  167  -  Location 
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Figure  169  -  Location  of  Lines  of  Survey,  Travis  Air  Force 
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from  threshold  lights  to  star 


TABLE  2 


ALTU3  AIR  FORCE  BASE 
CROSS  RUJi  INFORMATION 


Run  Location  Center  Line  Count 


Runway  35 


Taxi way  5 


35  End 

214 

1,000  ft. 

144 

2,000  ft. 

149 

3,000  ft. 

164 

4 , 000  1 1 . 

140 

5,000  ft. 

154 

6,000  ft. 

163 

7,000  ft. 

167 

0,000  ft. 

191 

9,000  ft. 

109 

10.000  ft. 

176 

11,000  ft. 

195 

12,000  ft. 

106 

17  End 

220 

35  End 

56 

1,000  ft. 

54 

2,000  ft. 

54 

3,000  ft. 

57 

4,000  ft. 

61 

5,000  ft. 

56 

6,000  ft. 

52 

7,000  ft. 

53 

0,000  ft. 

52 

9,000  ft. 

52 

10,000  ft. 

55 

11,000  ft. 

00 

12,000  ft. 

65 

17  End 

77 

*Taxi  wider  from  this  point. 


Final  Count 

441 

39.3 

390 

393 

390 

390 

413 

401 
421 
421 

402 
411 

403 
472 

126 

114 
112 
121 
121 
111 
112 

115 

116 
117 
112 
164* 

177 

164 


179 


I 


180 


from  threshold  lights  to  start  of  run 


181 


from  -threshold  lights  to  start  of 


TABLE  4 


Runway  13 


Runway  10 


Runway  22 


Taxiway  27 


Taxi way  3 


DAKALAR  A 

IR  FORCE  RASE 

CROSS  RUN 

INFORMATION 

Run  Location 

Center  Line  Count 

Final  Count 

13  End 

122 

257 

1,000  ft. 

124 

255 

2,000  ft. 

119 

250 

3,000  ft. 

125 

259 

4,000  ft. 

122 

257 

31  End 

119 

263 

10  End 

105 

254 

1,000  ft. 

120 

253 

2,000  ft. 

116 

249 

3,000  ft. 

122 

252 

4,000  ft. 

121 

253 

3G  End 

120 

260 

22  End 

125 

258 

1,000  ft. 

125 

263 

2,000  ft. 

124 

259 

3,000  ft. 

121 

258 

4,000  ft. 

123 

257 

4  End 

146 

258 

West  End 

46 

120 

1,000  ft. 

63 

119 

2,000  ft. 

47 

104 

3,000  ft. 

47 

102 

East  End 

49 

106 

South  End 

46 

106 

1,000  ft. 

43 

103 

North  End 

46 

106 

from  threshold  lights  to  start  of  run 


TABLE  C 


CARSWELL  AIR  FORCE  BASE 


CROSS  RUIf  INFORMATION 


Run  Location 

Count-12-1/2  III  Side 

Final  Count 

35  End 

259 

520 

1,000  ft. 

2G0 

511 

2,000  ft. 

2G2 

470 

3,000  ft. 

257 

477 

4,000  ft. 

259 

453 

5,000  ft. 

257 

442 

G,000  ft. 

254 

429 

7,000  ft. 

240 

430 

0,000  ft. 

250 

441 

9,000  ft. 

250 

440 

10,000  ft. 

251 

310 

11,000  ft. 

243 

425 

7  End 

252 

435 

184 


185 


from  threshold  lights  to  start  of 


TABLE  0 


Rummy 


Taxivuy 


CASTLE  AIR 

FORCE  RASE 

CROSS  RUN 

INFORMATION 

Run  Location 

Center  Line  Count 

Final  Count 

30  End 

145 

340 

1,000  ft. 

149 

355 

2,000  i't. 

151 

354 

3,000  ft. 

151 

351 

4,000  ft. 

1G9 

359 

5,000  ft. 

154 

351 

G ,000  ft. 

152 

354 

7,000  ft. 

140 

350 

0,000  ft. 

156 

366 

9,000  ft. 

163 

361 

10,000  ft. 

161 

353 

12  End 

103 

405 

30  End 

100 

196 

1,000  ft. 

92 

204 

2,000  ft. 

96 

200 

3,000  ft. 

99 

201 

4,000  ft. 

94 

201 

5,000  ft. 

99 

201 

6,000  ft. 

97 

202 

12  End 

98 

195 

186 


187 


*Distance  from  threshold  lights  to  star*. 


TABUS  10 


Runway  10 


Taxi way  10 


DOBBINS  AIR  FORCE  BASE 


CROSS  RlfR  INFORMATION 


Run  location 

Center  Line  Count 

10  End 

298 

1,000  ft. 

266 

2,000  ft. 

266 

3,000  ft. 

265 

4,000  ft. 

266 

5,000  ft. 

267 

6,000  ft. 

263 

7,000  ft. 

264 

8,000  ft. 

264 

9,000  ft. 

263 

20  End 

294 

Went  End 

75 

1,000  ft. 

40 

2,000  ft. 

50 

3,000  ft. 

51 

4,000  ft. 

50 

5,000  ft. 

49 

6,000  ft. 

49 

7,000  ft. 

55 

8,000  ft. 

49 

9,000  ft. 

48 

EaBt  End 

61 

Final  Count 

GOO 

531 

530 

535 

541 

533 

530 

534 
529 

531 
592 

120 

110 

103 
109 

104 

105 

106 
111 
109 
104 
118 


188 


^Distance  from  "threshold  lights  to  start  of 


TAMS  1? 


EDVARDS  AIR  FORCE  RARE 
CROSS  RUN  INFORMATION 


Run  location 


Center  Line  Count  Final  Count 


A  5V  [1 

246 

504 

1,000  ft. 

246 

507 

0,000  ft. 

246 

504 

3,000  ft. 

249 

506 

4,000  ft. 

243 

503 

5,000  ft. 

247 

504 

6,000  ft. 

241 

505 

7,000  ft. 

237 

494 

0,000  ft. 

243 

502 

9,000  ft. 

243 

500 

10,000  ft. 

240 

505 

11,000  ft. 

240 

500 

12,000  ft. 

250 

511 

13,000  ft. 

250 

503 

14,000  ft. 

247 

507 

35  End 

248 

501 

Itorth  End 

100 

202 

1,000  ft. 

99 

190 

2,000  ft. 

99 

196 

3,000  ft. 

100 

198 

4,000  ft. 

102 

199 

South  End 

100 

201 

190 


191 


from  threshold,  lights  to  start  of 


TA3IE  14 


ELLSWORTH  AIR  FORCE  BASK 

cross  ru;;  information 


Run  location 

Center  Line  Count 

Final  Count 

30  K:ul 

245 

401 

1,000  ft. 

2-55 

4  04 

2,000  ft. 

211 

404 

3,000  ft. 

250 

479 

•5,000  ft. 

235 

474 

5,000  ft. 

233 

4  GO 

G.OOO  ft. 

232 

400 

7,000  ft. 

241 

402 

G,000  ft. 

253 

500 

9., 000  ft. 

2-50 

500 

10,000  ft. 

237 

402 

11,000  ft. 

232 

475 

12,000  ft. 

235 

477 

12  End 

242 

409 

192 


L93 


from  threshold  lights  to  start  of 


TABLE  16 


Runway  1C 


Runwuy  3 


Taxiway  5 


GEORGE  AIR 

FORCE  BASE 

CROSS  RUN 

INFORMATION 

Run  l/xai 

Ion 

Center  Line  Count 

Pinal  i 

16  End 

102 

202 

1,000  ft. 

100 

106 

2,000  ft. 

100 

190 

3,000  ft. 

100 

190 

4,000  ft. 

99 

192 

5,000  ft. 

97 

212 

6,000  ft. 

92 

202 

7,000  ft. 

106 

213 

0,000  ft. 

115 

215 

9,000  ft. 

105 

215 

34  End 

109 

226 

3  End 

151 

273 

1,000  ft. 

112 

241 

2,000  ft. 

110 

245 

3,000  ft. 

112 

246 

4,000  ft. 

111 

249 

5,000  ft. 

111 

246 

6,000  ft. 

112 

246 

7,000  ft. 

109 

244 

6,000  ft. 

111 

246 

21  End 

110 

249 

50 

108 

1,000  ft. 

49 

no 

2,000  ft. 

51 

108 

3,000  ft. 

52 

108 

4,000  ft. 

51 

107 

49 

107 

194 


195 


^Distance  from  threshold  Lights  to  start  jf 


TABLE  10 


GLASGOW  AIR  FORCE  RASE 
CROSS  RUH  IIJFOre-lATIOH 


Runray  10 


Taxi ray  10 


Rim  location 

Center  Line  Count 

Final  Count 

10  End 

249 

392 

1,000  ft. 

246 

497 

2,000  ft. 

251 

500 

3,000  ft. 

251 

499 

4,000  ft. 

252 

502 

5,000  ft. 

234 

472 

6,000  ft. 

179 

363 

7,000  ft. 

170 

365 

0,000  ft. 

16G 

360 

9,000  ft. 

200 

300 

10,000  ft. 

164 

331 

11,000  ft. 

167 

340 

12,000  ft. 

177 

360 

20  End 

162 

342 

10  End 

69 

140 

1,000  ft. 

61 

125 

2,000  ft. 

61 

126 

3,000  ft. 

63 

127 

4,000  ft. 

69 

145 

5,000  ft. 

50 

122 

6,000  ft. 

57 

122 

7,000  ft. 

57 

121 

0,000  ft. 

59 

122 

9,000  ft. 

60 

121 

L0,000  ft. 

60 

122 

IQ  End 

62 

125 

196 
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*Di stance  from  threshold  lights  to  star 
**Short  run  due  to  construction  work. 


TAB1£  20 


LANGIEY  AIR  FORCE  RASE 
CROSS  RUN  INFORMATION 


Ran  Location 

Center  Line  Coant 

Final  Count 

7  End 

IOC 

237 

1,000  ft. 

120 

241 

2,000  ft. 

109 

222 

5,000  ft. 

111 

233 

<1,000  ft. 

113 

239 

5,000  ft. 

112 

233 

G,000  ft. 

108 

223 

7,000  ft. 

105 

221 

8,000  ft. 

104 

219 

9,000  ft. 

113 

241 

25  End 

111 

227 

35  End 

no 

237 

1,000  ft. 

106 

228 

2,000  ft. 

110 

234 

3,000  ft. 

104 

233 

<1,000  ft. 

109 

232 

5,000  ft. 

113 

233 

17  End 

101 

225 
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from  threshold  lights  to  start  of 


TARIP  22 


IAIUi£>:;  AIR  rURCK  lUiiE 


cross  m^c  information 


Runvuy  32 


Taxivuy  4 


Taxi way  3 


Run  Location 


Center  Line  Count  Pinal  Count 


32  End 

236 

470 

1,000  ft. 

255 

501 

2,000  ft. 

2G4 

505 

3,000  ft. 

259 

501 

-*.,000  ft. 

245 

50C 

3,000  ft. 

200 

503 

G,000  ft. 

230 

505 

7,000  ft. 

231 

501 

0,000  ft. 

237 

499 

0,000  ft. 

213 

470 

10,000  ft. 

215 

453 

11,000  ft. 

213 

447 

12,000  ft. 

229 

4  7  G 

14  End 

243 

512 

South  End 

G7 

149 

1,000  ft. 

64 

149 

2,000  ft. 

71 

140 

North  End 

71 

143 

South  End 

74 

156 

1,000  ft. 

74 

149 

2,000  ft. 

75 

151 

3,000  ft. 

75 

152 

4,000  ft. 

75 

151 

5,000  ft. 

74 

151 

6.000  ft. 

75 

157 

North  End 

75 

150 

200 
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from  threshold  lights  to  start  of  rur. 


TABLE  24 


MATHER  AIR  FORCE  EASE 
CROSS  RUN  INFORMATION 


Run  I/xation 

Center  Line  Count 

Final  Count 

Runway  22L 

221  End 

240 

505 

1,000  ft. 

254 

491 

2,000  ft. 

177 

404 

3,000  ft. 

233 

445 

4,000  ft. 

252 

490 

5,000  ft. 

240 

509 

6,000  ft. 

233 

463 

7,000  ft. 

233 

421 

0,000  ft. 

221 

471 

9,000  ft. 

230 

460 

10,000  ft. 

232 

476 

4R  End 

237 

461 

Taxi way  22 

22  End 

140 

305 

1,000  ft. 

153 

310 

2,000  ft. 

140 

303 

3,000  ft. 

149 

304 

4,000  ft. 

153 

310 

5,000  ft. 

144 

300 

6,000  ft. 

147 

301 

7,000  ft. 

147 

302 

8,000  ft. 

144 

300 

9,000  ft. 

145 

301 

4  End 

145 

303 

202 
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from  threshold  lights  to  star 


TABLE  26 


KcCUIRE  AIR  FORCE  BASE 
IROGS  RUN  INFORMATION 


Run  Location 

Center  Line  Count 

Final  Count 

Runway  12 

12  End 

109 

223 

1,000  ft. 

140 

288 

2,000  ft. 

140 

287 

3,000  ft. 

141 

288 

4,000  ft. 

128 

277 

5,000  ft. 

139 

283 

g,ooo  a. 

137 

287 

30  End 

131 

287 

Taxi way  5 

24  End 

48 

105 

1,000  ft. 

48 

113 

2,000  ft. 

50 

112 

3,000  ft. 

49 

114 

4,000  ft. 

49 

U5 

5,000  ft. 

50 

121 

6,000  ft. 

49 

116 

6  End 

48 

114 
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TAB!*:  Pa 


ur.vtiv 


’uxii 


?C) 


Taxi way  u(l4) 


us  a 

:•  HAirr  :;o.  •;:> 

rAI/OALK 

Cj'Qff 

■!u:;  i:;*o!(m\tio:; 

Hun  J,i  -;ii ! or. 

Center  Lire  Count 

r'i  r.it  1 

i  K:;-i 

199 

350 

1 .  ^OO  ft. 

Iff 

310 

2.000  ft. 

Iff 

331 

'  .90  ft . 

If-  ’ 

340 

4 ,  ooo  ft . 

1  ■  •• 

•f  < 

5  . ’  . 

155 

329 

.  >00  ft  . 

14  7 

321 

< ,000  ft. 

i!  •; 

324 

6.; o:  ft. 

14b 

321 

3.. 00  ft . 

152 

317 

L- .  000  ft  . 

153 

339 

11.000  . 

14  v 

322 

175 

370 

20  End 

74 
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1.000  ft  . 

65 

139 

2.000  ft. 

71 

146 

5.000  ft. 

75 

145 

•; .  ooo  ft . 

73 

146 

:  .ooo  ft. 

74 

145 

<5 , 000  ft . 

71 

145 

7.000  ft. 

72 

146 

0.000  ft. 

72 

145 

9.000  ft. 

72 

145 

10,000  ft. 

71 

145 

11,000  ft. 

73 

145 

7  Er.’i 

74 

147 

7  -  25  End 

75 

173 

1,000  ft. 

76 

170 

Site  3  End 

75 

148 
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from  "threshold 


tabu:  io 


Runway  14 


Runway  lfl 


Taxi way  2 


SWART  AIR 

FORCE  BABE 

CROSS  RUN  IRTORMATIOR 

Run  location 

Center  1.1  ne  Count 

Final  Cou.v 

14  End 

217 

430 

1,000  ft. 

103 

404 

2,000  ft. 

200 

405 

3,000  ft. 

22G 

451 

4,000  ft. 

220 

44G 

5,000  ft. 

253 

490 

G ,000  ft. 

23G 

405 

7,000  ft. 

237 

507 

32  End 

202 

515 

10  End 

2G5 

539 

1,000  ft. 

2G6 

529 

2,000  ft. 

2GC 

537 

3,000  ft. 

267 

530 

4,000  ft. 

2G4 

530 

5,000  ft. 

2G3 

532 

3G  End 

2GG 

431 

North  End 

72 

150 

1,000  ft. 

72 

147 

2,000  ft. 

73 

153 

3,000  ft. 

66 

151 

South  End 

GO 

150 
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*Distance  from  threshold  lights 


TABLE  3:,’ 


T:t::lvuy 


SHAW  Alii 

FORCE  BASE 

CROSS  RUN 

INFORMATION 

Run  location 

Center  Line  Count 

Final 

4  End 

131 

241 

1,000  ft. 

100 

211 

2,000  ft. 

111 

214 

3,ooj  ft. 

107 

211 

•*  f  003  1 !. « 

100 

218 

S.000  ft. 

10S 

215 

C  ,000  ft. 

102 

211 

7,000  :'i. 

10G 

230 

0,000  ft. 

ion 

212 

0,000  St. 

103 

211 

22  End 

112 

214 

South  End 

75 

147 

1,000  ft. 

74 

143 

2,000  ft. 

75 

140 

North  End 

77 

14G 
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TABLE  3-5 


TRAVIS  AIR 

TORCH  RASE 

CROSS  RUN 

INFORMATION 

if  ::;  locution 

Center  Line  Count 

Kl  nu  i  Court 

O'.R  E:ul 

ryt  V 

C.J  w» 

•591 

1,000 

ft. 

2-53 

•50-5 

2,000 

ft. 

2-5  7 

SOI 

5,000 

•  c  • 

22G 

•5  6  *5 

•5,000 

>  c  1 

220 

•5/0 

b.000 

ft . 

209 

•:;  o 

6,000 

ft. 

210 

‘i 

7,000 

ft. 

212 

a,  ooo 

ft. 

190 

•l 

9,000 

«•* 

207 

•Si? 

10,000 

ft. 

222 

•Si? 

3L  End 

2  lb 

•S  ’>•* 
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APPENDIX  V 

power  spectral  density  calculations 
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The  power  spectral  density  (FSD)  characteristics  of  the  runways 
have  been  calculated  In  the  usual  winner  as  the  Fourier  transform  of  the 
uutocovnr lance  :\mct Ions .  This  procedure  is  deticrlbed  In  the  literature 
and,  therefore,  will  only  be  outlined  here. 


>Vl  ’  'J'v 


(1) 


y ’{:<)  -  y(x)  -  y(x-Ax) 


(2) 


This  operation  of  "prcwhltenlng"  la  equivalent  to  multiplying  the  power 
spectrum  by  the  fane t ion 


F(hAfl) 


cJ(han)Ax 


(3) 


K(n)  =  i 


e-in^x 


(0 


Next,  the  mean  lagged,  products  Rp  were  determined: 


RP  = 


n-p 


n-p 

c —  Fa  Fa 


q=l 


q^qfp 


(n-p)2 


n-p  n-p 

I  Z  yqfP 

q=l  q=l 


(5) 


(n-p) Ax 

R(p+Ax)  =  - 1 -  /  y '(x)y'(x+pAx)dx 

(n-p) Ax 


(n-p) Ax  (n-p)  Ax 

1  ^  y'(x)dx  f  y'(x+pAx)dx 


(n-p) 2 Ax2 


(6) 


This  function  R(p+Ax)  or  Rp  is  also  known  as  the  autocovariance  function. 
The  number  n  is  equal  to  the  total  number  of  values  yq  .  Rp  has  been 
calculated  for  all  values  of  p  ranging  from  zero  to  m  where  m  is  deter¬ 
mined  by: 


214 


operation 


n  a 


n 


30.75 


(7) 


Next  the  "rav"  estimates  of  the  PSD  have  been  formed. 


1„  -  2i£  >1.  CpRp  coo  5E 

p=0 


m 


h  =  (0,1,2, . m) 

Cp  =  1  ;  0  <  p  <  m 
Cp  =  l/2  ;  p  =  0  or  in 


(0) 


L(h^)  =  -  /  R(p)  coc(hfinp)dp 
n 


(9) 


The  next  operation  is  to  form  the  "smoothed"  estimates  of  the  PSD. 


*h  =  \  h>  *  \  Li  ,  h  =  0 


«h  =  \  Lh-l  f  I  ^  +  I  '1Sh£"-l 


(10) 

(11) 


*h  =  lm-1  +  ^  1m  >  h  =  0 


9(hfifl)  =  i  L  [(h-l) Afl]  +  |  L(hAO)  +  i  L  [(h+l)An] 


(12) 

(13) 


The  last  operation  is  to  remove  the  effects  of  the  "prewhitening" 
by  dividing: 


♦b  by  |F(hAn)|  2  =  2(l-cos  hAfiAx) 


(14) 


j(hAQ)  by  |F(n)|  =  2(l-cos  n&x) 


(15) 
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